A high incidence of 46,XX true hermaphroditism exists among southern African blacks. The gonadal distribution and clinical presentation of 38 patients are described. The aim of our study on 11 families with histologically proven XX true hermaphroditism was to determine whether a common genetic or environmental etiology could be identified. Pedigree analysis excluded the presence of a simple inheritance pattern, and no constant environmental factors could be implicated. Hybridization studies with Y chromosomespecific probes (pDP132, pDP61, pDP105, pDP31, pDP97, and pY431-HinfA) excluded the presence of a large portion of Yp in these patients. It is possible that smaller portions of the Y chromosome or one or more X-linked or autosomal mutations, either interacting and/or with incomplete penetrance, are present.
Introduction
A true hermaphrodite is an individual in whom both testicular and ovarian tissue are present. External genitalia are often ambiguous. More than half of the reported cases have a 46,XX karyotype (Van Niekerk 1974 Donahoe et al. 1978) ; the remainder have a 46,XY karyotype or sex-chromosome mosaicism.
In southern Africa numerous patients with both ovarian and testicular differentiation and ambiguous genitalia have been observed. With the exception of three caucasoids (referred to as whites in the present paper) and two individuals of mixed caucasoidnegroid ancestry (Grace and Edge 1973; Roux et al. 1974; Van Nierkerk 1974) , all cases documented from southern Africa have been Bantu-speaking negroids (referred to as blacks in the present paper) of two main ethnic subdivisions, the Nguni and Sotho speakers (Klempman 1964; Dinner 1969; Wilton 1969; Grace 1970; Roux et al. 1974; Van Niekerk 1974 Van Niekerk and Retief 1981a, 1981b;  de Souza et al. 1984) . The vast majority of these patients have shown a 46,XX karyotype.
Neither the etiology of XX true hermaphroditism nor the reason for its relatively high frequency among southern African blacks is known. The present study was initiated with three objectives in mind: (1) to determine the incidence of XX true hermaphroditism among black and white patients referred for cytogenetic investigation of sexual ambiguity and to review their clinical features; (2) to establish, on the basis of pedigree analysis, whether the condition has a straightforward genetic basis; and (3) to determine whether these patients' genomes contain detectable Y-specific DNA sequences, as is true of most XX males (Guellaen et al. 1984; Page et al. 1985; Affara et al. 1986; Muller et al. 1986; Vergnaud et al. 1986; Buckle et al. 1987 Metaphases were derived from 72-h phytohemagglutinin-stimulated and methotrexate-synchronized peripheral blood cultures (Yunis 1976 quinacrine (QFQ) banding of the chromosomes was performed. In some cases, buccal smears were examined for X and Y chromatin.
Molecular Hybridization Studies
Peripheral blood samples were obtained from 10 histologically proven black XX hermaphrodites and from the majority of their mothers and fathers. DNA was extracted according to the method of Sykes (1983) . DNA from the probands and parents was digested with either EcoRI or TaqI, electrophoresed in 0.8% agarose, transferred to nitrocellulose or nylon membranes (Southern 1975) , and hybridized with the six Y chromosome-specific DNA probes described in table 1. Hybridization studies using probes that detect X-linked RFLPs were performed on five complete families (father, mother, and proband) in order to test paternal and maternal inheritance of the two X chromosomes in the proband . Probes L1.28, RC8 (Davies et al. 1983 ), pDP31 , and St 14 (Oberle et al. 1985) were used for this purpose.
Results
Of 152 blacks with ambiguous genitalia and a 46,XX karyotype, the diagnosis of true hermaphroditism was proved in all 38 who were histologically investigated. Of 31 whites with ambiguous genitalia and a 46,XX karyotype, none were shown to be true hermaphrodites on histological examination. a The histological report on the 38th patient cannot be traced to determine the exact gonadal distribution. whom had recognizable (though often rudimentary or hypoplastic) uterus and fallopian tubes. One patient had a bicornuate uterus. Secondary sexual characteristics are known in 10 of 12 postpubertal patients; eight showed secondary sexual characteristics contrary to their sex of rearing. All five "males" had anomalous secondary sexual characteristics. Gynecomastia was present in four of them and was associated with a gynecoid body contour in three of them. One lacked facial hair. One of these individuals claimed that he performed adequately as a male. Two males complained of hematuria, but it is not clear whether this was cyclic. Of the five "females" two had no secondary sexual anomalies; both menstruated and had well-developed breasts. A third woman who menstruated had an android build, whereas another had well-developed breasts, was amenorrheic, had severe acne, a deep voice, and led a bisexual sex life. One female with very small breasts complained of cyclic hematuria.
Pedigree Analysis Based on Interviews
None of the 11 sets of parents was known to be related. The only instance of consanguinity occurred in family 5, in which the proband's maternal grandparents were related; but their degree of relatedness is uncertain ( fig. 1) .
The probands' parents originated from seven different negroid chiefdoms ( fig. 1 ). The Zulu, Swazi, and Xhosa are ethnically related, Nguni-speaking peoples who do not approve of consanguineous marriages. The Ndebele are related to the Nguni-speakers but form an ethnically distinct group in which there is not such a strong taboo against cousin marriages. The second large group are the Sotho-speakers, consisting of Tswana, Sotho, and Pedi, among whom consanguineous marriages are relatively common (Nurse et al. 1985) . Of the 11 families surveyed ( fig. 1 ), five couples were from the same chiefdom (two were Nguni-speakers and three were Sothospeakers), three were from related chiefdoms, and three were from ethnically unrelated chiefdoms. The 11 probands collectively had 42 siblings (excluding six miscarriages), whose sex ratio was 0. Likewise, there was no indication in any of the pedigrees ( fig. 1 ) that the probands had similarly affected siblings, nieces, nephews, aunts, uncles, or cousins (none of the siblings or other family members were, however, personally examined to confirm their phenotypic normality). Many of the probands' siblings had died of unknown causes before puberty, but this is perhaps not unusual in families from a socioeconomically deprived community, in which the infant mortality rate is high.
Four of 58 adult maternal siblings (two males and two females) had no children, and five of 52 paternal siblings (four males and one female) were childless ( fig. 1 ). There is no indication that any of these individuals either was childless because of infertility or had any anomaly of sexual differentiation.
None of the probands was a twin or had twin siblings. The proband in family 9 ( fig. 1 ) had twin nieces, and the maternal aunt of proband 10 had apparently given birth to three sets of twins whose sexes and zygosity are not known. DZ twinning is relatively common in South African blacks-12.5/ 1,000 births compared with 3.8/1,000 births for monozygotic twins (J. Kromberg, personal communication).
The parental ages are known in eight of the 11 families ( fig. 1) . The median age of eight mothers at the time of their affected child's birth was 26.5 years, with a range of 19-40 years. The median age of eight fathers was 32.5 years, with a range of 21-40 years. These median ages are not strikingly different from that estimated for the black community in general (W. P. Mostert, personal communication). The proband was the last born in four families and second last in three families. Only three of the 11 probands were first born ( fig. 1) The anomalies of the external genitalia were similar to those described by Van Niekerk (1974 . The majority had a perineal urethral meatus, but a separate vagina (albeit rudimentary in most cases) was found in approximately half of the cases. The other patients had a common urogenital sinus. Whereas in Van Niekerk's (1976) survey 13 cases had bilaterally palpable gonads, this was not true in any of our patients. A unilateral gonad was more often palpable on the right side, a finding that conforms with the more frequent presence of right-sided testicular tissue.
Information on the internal genitalia is scanty. In common with patients reviewed by Van Niekerk (1976) , the majority (91%) of our patients had a uterus, albeit rudimentary or hypoplastic in many. Three of the five postpubertal females had menstruated, compared with 30% in Van Niekerk's series. Two of the five postpubertal phenotypic males and one phenotypic female complained of hematuria, which was possibly cyclic: very few such cases are recorded in the literature (Van Niekerk 1974) . In our postpubertal cases, seven of 10, exactly the percentage reported by Van Niekerk (1976) , had welldeveloped breasts.
The distribution of ovarian and testicular gonadal tissue in this study is remarkably similar to that found by Van Niekerk (1974 . The most common distribution is the unilateral type, with an ovary on one side and an ovotestis on the other; it was found in >50% of the southern African patients, compared with a frequency of only 29% in the cases from the rest of the world (reviewed in Van Niekerk and Retief 1981a) . In the great majority ovaries were found in the left pelvis, whereas the converse was true for testes, which were far more frequently confined to the right side, a feature also noted by Van Niekerk (1974 and Van Niekerk and Retief (1981a) . Asymmetry of gonadal development in true hermaphrodites (and during normal gonadal development) may be the result of differential growth rates on opposite sides of the body (Mittwoch 1986) .
It was distressing to note that only 16 of the 38 patients were <5 years of age when first investigated. It is well recognized that an appropriate sex assignment and surgical correction should be undertaken before 5 years of age, by which time gender identity is firmly established (reviewed in Ehrhardt and MeyerBahlburg 1981) . This was borne out by the 11 patients and their families who were personally interviewed by one of us (E.Z.); seven of these patients had been diagnosed after 5 years of age. The emotional problems due to confused gender identity in these individuals attests to the tragic consequences of late diagnosis. Of 10 postpubertal individuals, eight had to contend with anomalous secondary sexual characteristics, in addition to their ambiguous genitalia.
Approximately equal numbers of patients were assigned male or female names, but slightly more were reared as females, whereas 75% of reviewed cases were reared as males (Van Niekerk and Retief 1981a).
Pedigree Analysis: Possible Genetic or Environmental Etiology Detailed family histories were obtained for 11 of the 38 patients. Close questioning failed to reveal relatedness between any of these families. Only within family 5 was consanguinity reported, and this between the proband's maternal grandparents. No similarly affected family members were reported. The sex ratios in siblings and other relatives were not significantly different from that found in the general population, and reduced fertility does not appear to be present. It seems unlikely, therefore, that mutation of a single gene, either autosomal or sex linked, is responsible for the occurrence of the hermaphroditism in this population. There was no clustering in any particular chiefdom. As twinning is common in blacks (J. Kromberg, personal communication), the possibility that true hermaphrodites may be chimeras from a resorbed twin was explored. No siblings of the true hermaphrodites were twins (though in families 9 and 10 there were four sets of twins among the nieces and nephews of the proband). It therefore seems unlikely that twinning is the etiology of true hermaphroditism in blacks. The rarity of cytogenetically detectable XX/XY chimerism among the black hermaphrodites (one of 39 cases) also argues against twinning being a significant factor. As the twinning rate is declining in this population (J. Kromberg, personal communication), it will be of interest to see whether the rate of true hermaphroditism also declines.
An environmental etiology is extremely difficult to exclude. Three of the 11 mothers had taken differing "traditional" remedies of unknown composition. The above findings do not point to any discrete genetic or environmental etiology, but the strikingly higher frequency of XX true hermaphroditism in southern African blacks indicates that there is likely to be some form of predisposition in this population.
DNA Hybridization Studies
XX males, who have small testes and are invariably sterile, have been studied in much greater detail than have XX true hermaphrodites. Although most XX males are sporadic, a few instances of familial clustering have been reported (de la Chapelle 1981) . Ferguson-Smith (1966) proposed that an X-Y chromosome interchange was involved in the etiology of both XX males and XX true hermaphroditism. Some XX males have been shown to have an extra band on Xp which seemed to originate from Yp (Magenis et al. 1982) . Studies on the inheritance of the Xg(a) blood group antigen and of the 12E7 antigen indicated that X-Y interchange had occurred on the paternally inherited X in two families of XX males . Molecular-studies demonstrated that Y-specific DNA sequences were present in most XX males (Guellaen et al. 1984; Page et al. 1985; Affara et al. 1986; Miller et al. 1986; Vergnaud et al. 1986; Buckle et al. 1987) .
Using probes that contain highly repeated Y chromosome sequences, in situ hybridization to metaphase chromosomes of three XX males showed that in each case Y material was present on the short arm of one of the X chromosomes (Andersson et al. 1986; Magenis et al. 1987) . This evidence supports the hypothesis that maleness in XX males is frequently the result of the transfer of Y material to the paternally inherited X chromosome. Recent studies of the inheritance of pseudoautosomal RFLPs have shown that most XX males are due to the exchange of terminal portions of the short arms of the X and Y chromosomes (Page et al. 1987a; Petit et al. 1987) .
The Y-specific sequences present in XX males and deleted in some XY females demonstrate that a particular small portion of distal Yp is male determining (Page 1986 ). Some of these sequences were tested for in the present group of hermaphrodites; none was found to be present.
In the present study of 10 histologically confirmed hermaphrodites, there was no hybridization to the probes representative of deletion intervals 1 (pDP132), 2 (pDP61), 3 (pDP105/A), 4a (pDP31), 4b (pDP97), 6 (pDP105/B), and 7 (pY431-HinfA) (described in Page 1986) (table 1). Since the completion of the present study, Page et al. (1987b) have cloned a Y-specific probe (pDP1007) that is a putative candidate for the testis-determining factor (TDF) gene.
Hybridization of this probe to TaqI blots of several of the cases in the present study and of other XX true hermaphrodites yielded negative results (D. C. Page, unpublished data). Although these findings do not definitively exclude the presence of Y-chromosome material, it is very unlikely that these hermaphrodites have TDF, indicating an etiological difference between most XX males and XX true hermaphrodites. Mosaicism for a Y-bearing cell line is difficult to exclude cytogenetically but was convincingly excluded by the lack of hybridization to highly repeated sequences, represented by probes pDP105 and pY431-HinfA, on the Y chromosome.
The X-linked RFLP detected by St 14 showed that in three of the five complete families one X was paternally derived and the other maternally derived, as has been shown to be the case in XX males .
The relatively high incidence of this condition in southern African blacks remains a puzzling phenomenon. All our cases were sporadic, but a familial occurrence has been described. A family with three affected "brothers" has been described (Rosenberg et al. 1963) , as has a family with XX males and XX true hermaphrodites (Skordis et al. 1987 ). In the latter family a paternal uncle with XX true hermaphroditism had a niece who was an XX true hermaphrodite and two nephews who were XX males; Skordis et al. (1987) suggest that the two conditions are alternative manifestations of the same genetic defect. This hypothesis seems unlikely in the case of southern African blacks, in whom XX hermaphroditism is common but XX maleness is rare.
There was no uniform chiefdom affiliation, and the sex ratio of relatives was not significantly different from that of the general black population. Twinning was not common in these families, though it is in the general black population, a discordance indicating that chimerism caused by a resorbed twin is not likely to be the cause of the condition. Only one of the 39 black hermaphrodites in our 10-year study was an XX/XY chimera, a proportion considerably lower than has been found elsewhere in the world (reviewed in Van Niekerk and Retief 1981a) .
There are many theories explaining the genetic basis of primary sexual differentiation, and some remain compatible with our results. The translocation of a substantial portion of the Y-chromosome short arm seems highly unlikely in true hermaphrodites, and the transposition of a Y-located TDF gene to either the X or an autosome can be reasonably ex- 
